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REMOTE SENSING AS AN ENVIRONMENTAL TOOL
Arthur R. Marshall
Director, Division of Applied Ecology
Center for Urban & Regional Studies
University of Miami
Coral Gables, FL
ABSTRACT
From even limited exposure to the tech­ 
niques of remote sensing, the value of the 
application of this tool to the preserva­ 
tion and restoration of environmental 
quality is obvious. In a report to the 
Cabinet of Florida a panel of scientists 
used photographs furnished by Kennedy 
Space Center to demonstrate some of the 
effects of the incursion of Canal-38 
into the Kissimmee River basin and to 
depict an infestation of the aquatic 
weed (hydrilla) in an area of Lake 
Okeechobee : (1) color shot taken from 
a Gemini 12 Satellite; (2) infrared 
imagery; (3) low-altitude infrared color.
The synoptic overview provided by high 
altitude monitoring will afford basic 
information so necessary in the appli­ 
cation of the vital interdisciplinary ap­ 
proach to ecosystem management.
INTRODUCTION
I should tell you at the outset that I am 
a novice in application of remote sensing 
technology to earth resource problems. My 
credentials for speaking to the Congress 
are that I am an old hand on the resource 
problems of Florida. I have spent twenty 
years, give or take a few, studying and 
trying to resolve ecologic problems in 
Florida - both of its wilderness and urban 
areas.
Very recently I and several of my collea­ 
gues in ecology enjoyed an opportunity - a 
first for me - to utilize some products of 
remote sensing technology in a very com­ 
plex and worsening resource problem of 
central Florida. That problem centers on 
the drainage basin of the Kissimmee River 
and giant Lake Okeechobee to which it is 
tributary.
About seven months ago, Senator Mallory 
Horne, President of the Florida Senate, 
asked several of us to make a study and 
assessment of certain pressing problems 
in the Kissimmee-Okeechobee Basin. He 
said that if we would do that, he would 
ask the Cabinet of Florida, the chief 
executive body of this State, to hear the
report of our findings, 
did and we did.
We agreed; he
On December 12, 1972, five private indi­ 
viduals made our ecologic presentation 
to the Florida Cabinet. We enjoyed more 
than two hours of their interest and ob­ 
vious attention Since few who appeal be­ 
fore the Cabinet have more than minutes 
to state their case to that very busy 
executive body, our opportunity was 
unique.
Our principal analysts and speakers in­ 
cluded two ecologists, a biochemist, a 
microbiologist and a hydrologist. About 
twenty professional environmentalists of 
Florida aided us in the preparation of 
our report. Mr. J. P. Claybourne of the 
Kennedy Space Center provided us with 
useful expository remote sensing mater­ 
ials.
Our analysis was based entirely on the 
knowledge currently available to our par­ 
ticipants. No "further research" was 
done or would be done in the three months 
of its preparations. Except for some 
infra-red color shots of a portion of 
Lake Okeechobee, all of the remote sens­ 
ing we used were obtained in various 
earlier NASA projects having no expecta­ 
tion of our particular use of them. That 
certainly is not the most effective way 
to make full use of remote sensing capa­ 
bilities in resource management efforts; 
rather such efforts should be carefully 
planned and executed over time between 
the ecologists and the sensor technolo­ 
gists. Despite those limitations the re­ 
mote sensing material were very helpful.
PROBLEM
In its natural state, the Kissimmee River 
rose in a chain of headwater lakes south 
of present Orlando. The overflows of 
system coalesced in the summer rainy sea­ 
son into Lake Kissimmee. They then flow­ 
ed southward down a much meandering low­ 
er Kissimmee River to Lake Okeechobee. As 
I am sure you know, Lake Okeechobee is 
the heart of the water resources of south
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bution of remote sensing techniq
ues.
Our report's use of remote sens
ing in eco- 
logic problems was a limited one
, but none 
the less it is indicative of the
 utility 
and value of more extended appli
cations. 
I think it probable that Florida
 is a 
classic place to demonstrate qui
ckly its 
utility. I say this for two rea
sons. One 
is that Florida is being besiege
d with the 
most affluent in-migration the 
world has 
ever seen. Not only is the stat
e exper­ 
iencing enormous population grow
th, it is 
experiencing burdens on its res
ources - 
natural and economic - which are
 magnified 
far beyond the simple increase 
in numbers 
of people by their intolerable 
demands, 
the demands generated by affluen
ce. Our 
major electric utility has, for
 example, 
doubled its generating capacity 
in the 
last few years. Only ten per ce
nt of 
that increase can be ascribed to
 popula­ 
tion growth. Ninety per cent de
rives 
from the demands of expanding af
fluence.
RATIONALE
The second reason Florida is a 
classic 
place to demonstrate the utilit
y of re­ 
mote sensing is that it is a se
nsitive 
environment. It responds more 
quickly to 
stress and overload than do stat
es in the 
temperate zone. In this regard 
we can 
compare its speeded response to 
the ex­ 
periments of the tire manufactur
er who 
subjects his product to the stre
sses of a 
testing machine which runs off m
onths of 
normal usage in a few weeks.
The reasons for this are ecologi
cal. It 
is meaningful to recall that the
 problems 
of Lake Erie and New York were 
generated 
over several centuries while th
e problems 
of Lake Okeechobee and Miami wer
e gener­ 
ated in less than eighty years.
There are substantial ecologic 
reasons for 
the accelerated response of Flor
ida's wild 
and urban environments to overlo
ad. One 
is the relative flatness of the 
land. When 
surface waters are lowered or ra
ised a few 
inches, thousands of acres are d
ried or 
flooded. Lying very little abov
e sea lev­ 
el, no lake, bay, or river is mo
re than 
fifteen feet deep, which means 
that lack­ 
ing volume for dilution they are
 very sen­ 
sitive to every load of pollutan
ts.
The lands and waters of Florida 
are natur­ 
ally quite lacking in fertility.
 This 
means that very small additions 
of fertil­ 
ising materials soon lead to nut
rient con­ 
centrations which surpass the a
bility of 
the state's native plants and a
nimals to 
adapt to them.
In the subtropical part of the 
state, many 
aquatic organisms are exposed n
aturally to 
water temperatures which are on
ly a few 
degrees above their lethal toler
ance. This 
means that even small additions 
of hot wa­ 
ter from industrial operations 
kills 
them.
Finally the state is young geol
ogically. 
Many of its regions are in a su
bclimax 
state and have not attained the 
resili­ 
ence and durability which older 
regions 
have.
FURTHER APPLICATIONS
I would like to suggest a few s
ignificant 
problem areas in which remote s
ensing can 
serve in understanding and resol
ving the 
environmental problems of Florid
a.
First, remote sensing can delin
eate the 
natural functions of Florida's 
ecosystems. 
No finer example of this exists 
than the 
ERTS imagery of the surface flo
oding of 
the Shark Valley region of Everg
lades 
National Park. These shots tak
en every 
eighteen days show us in time l
apse se­ 
quence the extent of seasonal f
looding 
and drying in this region of the
 Park. 
Operation of the ERTS program h
as so 
greatly improved our knowledge 
of the 
natural functioning of that sys
tem that 
we regret we have no such recor
d until 
very recent months. I hope tha
t ecolo- 
gists of the future, who will be
 faced 
with ever greater stresses on t
he Florida 
environment, will have an accumu
lation of 
such a series, not only for the 
Shark Val­ 
ley but for all the vital wetlan
ds in 
Florida. It is vital to have a 
series of 
such imagery over time to establ
ish stan­ 
dards and to detect changes.
Secondly, remote sensing can de
lineate 
the progression of over-enrichme
nt of 
Florida's fresh and salt water 
bodies. In 
the case of the measurement of 
over- 
enrichment, a severe form of wa
ter pollu­ 
tion, quantification of physical
 and chem­ 
ical parameters or indicators is
 a nearly 
hopeless approach. No one even
 knows 
what mix or level of parameters 
will 
force deterioration of a water b
ody. The 
best available indicator of tha
t condi­ 
tion is a second-level indicator
, the 
bloom of algae. Remote sensing
 can de­ 
tect this. Not just laboriously
 for a 
single lake or bay, but for larg
e numbers 
of them simultaneously. Hundre
ds of re­ 
search scientists cannot delinea
te the 
condition of our water bodies; 
remote 
sensing can.
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Florida.
A number of significant changes in the 
drainage system have been installed over 
many years. Canals have been dug connect­ 
ing many of its headwater lakes to expe­ 
dite flood run-off. Lake Okeechobee has 
been encircled with peripheral impounding 
dikes. In the 1960 's the lower Kissimmee 
River was transformed from a stream whose 
bed meandered widely for a hundred miles 
through a wetlands marsh to a 55-mile long 
boxcut canal which now accelerates all its 
flow into Lake Okeechobee.
Generally concurrent with these altera­ 
tions of the basin, agricultural, commer­ 
cial and urban developments have prolif­ 
erated. In the last ten years those pro­ 
liferations have been extensive. The 
rate of such development, concurrent with 
the establishment of Disney World, is 
overwhelming highways, city fathers, and 
sewage plants. Most importantly, the in­ 
put of wastes to the basin - human, tech­ 
nological and agricultural - has increased 
enormously.
Thus we now have a great waste generator, 
inadequate means to treat sewage wastes, 
no means in sight to treat urban runoff 
wastes, inadequate means to treat agri­ 
cultural wastes, and a man-made hydrolog- 
ic system which insures that a signifi­ 
cant fraction of those wastes are flushed, 
and that is the proper word, to Lake Okee­ 
chobee .
Obviously this is a complex problem. It 
is also one to which little attention was 
paid until very recent and modest research 
investments indicated that Lake Okeecho­ 
bee - south Florida's prime water re­ 
source - now is becoming over enriched.
Other results of the channelization of the 
lower Kissimmee River and the impoundment 
of Lake Okeechobee are that thousands of 
acres of valuable marshlands have been de­ 
stroyed, the aesthetic values of the low­ 
er river have been virtually eliminated, 
and fish and wildlife resources have taken 
an abysmal plunge. In fact, the major 
public concern with channelization of the 
river has been with those losses; only 
recently has the degradation of Lake Okee­ 
chobee come into prominence.
APPLICATION
In our presentation to the Cabinet, we 
used four remote sensing slides. The 
first of these was a Gemini view of the 
earth. Significantly, that slide was 
presented by Dr. Ariel Lugo, ecologist, 
University of Florida, who is a member or 
an internationally renowned and rare
clan - scientists who study the energetics 
of ecosystems. Dr. Lugo's purpose in dis­ 
playing that image was to impress his lis­ 
teners with the hard fact that our living 
world, our life-support system, is finite. 
Often I think that the most valuable pro­ 
duct to man of the entire space program is 
that view, that concept, that utter real­ 
ization. Finiteness of the earth's life- 
support system, of its subsystems, and of 
our resources, is a matter just recently 
being comprehended. I think the Gemini 
representation and others like it of the 
whole earth may have been the most mean­ 
ingful instruments in generating that 
recognition.
It is a technical rendition of the poet 
Robert Burns 1 words, "to see ourselves as 
others see us,"whoever 'others 1 may be. A 
replacement of our sublime arrogance with 
hard but dependable realities.
Our next remote sensing views were of the 
Kissimmee Valley. One was a Gemini shot 
taken in 1966; the other was an ERTS shot 
taken in 1972. A stranger to the area in­ 
volved would likely derive only one 
thought on seeing these views - that man 
surely cut a wide swath on the Kissimmee 
landscape. Anyone reasonably familiar 
with the area and its growing and perhaps 
insurmountable problems - except those who 
have personal economic interests or those 
who promoted digging of the ditch and can­ 
not therefore admit to error - would 
likely wonder what the hell we did that 
for. He might faintly recall that the 
ditch was dug to reduce the depth of sev­ 
ere flooding in the towns of Kissimmee and 
St. Cloud by a few inches or a foot - a 
premise which is doubted by some hydrol- 
ogists. He might also wonder what is the 
cost to the quality of south Florida's 
major water supply and, wasn't there a 
better way?
Our final remote sensing view was an 
infra-red color imagery of Eagle Bay - 
a small indentation on the north shore of 
Lake Okeechobee. It showed only one 
thing - that an imported plant 
Hydrilla was blooming in the richness of 
the waters at the edge of the lake. That 
shot summed up the whole matter. When 
marshes are gutted and drained with a ca­ 
nal, when wetlands are drained and made 
available for intensive human occupation 
and the wastes that process generates, 
any water body receiving the accelerated 
nutrient-laden flush will blossom with 
troublesome aquatic plant life. This 
slide was the only one purposely made for 
our presentation. In the next few months, 
the responses of the people of Florida, 
their Governor, Cabinet and Legislature 
will define the meaning of our presenta­ 
tion and, related to that, the contribu-
8-23
Another great problem of Florida's
 land 
use and environment is its growth. 
Both 
state and federal governments are 
moving 
to implement land use laws in reco
gnition 
of this problem. Remote sensing t
echniques 
can readily record the advance of 
develop­ 
ment operations - both agricultura
l and 
urban.
This knowledge is required in orde
r to 
achieve a nieaninfgul balance betwe
en de­ 
veloped and undeveloped lands, nec
essary 
to insure the survival of Florida'
s com­ 
munities and attractions. The doc
umenta­ 
tion of wetlands is particularly v
aluable 
in the achievement of this balance.
CONCLUSION
In conclusion, I would add that re
mote 
sensing cannot solve Florida's env
iron­ 
mental problems. It can only help
 to de­ 
termine and understand them.
It can be an educational tool to e
nable 
the public and public officials to 
compre­ 
hend the state and the progression
 rates 
of the environmental issue they fa
ce. Thus 
remote sensing can enable the publi
c and 
its representatives to make the ch
oices 
they must.
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